The factors determining the layer-specific termination of hippocampal afferents are not known. Previous studies have suggested that the laminated termination of afferent fiber systems is caused by their sequential ingrowth during development. Here we have tested this temporal hypothesis of fiber segregation by an in vitro confrontation system in which the sequential arrival of entorhinal and commissural fibers was reversed. However, despite the temporal reversal of ingrowth, both fiber systems terminated in their normal positions. We conclude that the sequence of fiber ingrowth does not determine the lamination of hippocampal afferents.
The adult lamination of afferent connections in the hippocampus is thought to be determined by the time of arrival of the different afferents (1) (2) (3) . Thus, the projection neurons in layers II and III of the rodent entorhinal cortex (EC) are generated early and form a robust projection to the hippocampus already in the prenatal period (4). These fibers terminate on the distal dendrites of the hippocampal and dentate target neurons (refs. 5 and 6; Fig. 1) . Conversely, the neurons that give rise to the commissural/associational (CA) fibers of the hippocampus are born relatively late (2, 3), form a projection to the contralateral hippocampus only after birth (7, 8) , and terminate on proximal dendritic portions of the hippocampal target cells (9, 10) . This temporal hypothesis of fiber segregation implies that a reversal of the sequential ingrowth of hippocampal afferents would reverse this stratification laid down during normal ontogenetic development.
Experiments to test this hypothesis are difficult to accomplish in vivo. Here we have applied an in vitro approach in which hippocampal tissue was cocultivated with its normal afferents in a sequential manner; however, the sequence of confrontation with the afferent fiber systems was reversed when compared with the normal development of these projections (Fig. 2) . If the temporal hypothesis of fiber segregation were true, then the layering of hippocampal afferents should be reversed under these conditions. Slice cultures of neonatal rats were used for these experiments, since the organotypic organization of hippocampus, the characteristic cell and dendritic layers, are preserved in these cultures (11) (12) (13) (14) . Slices of hippocampus were confronted (i) with another hippocampal slice, (ii) with a slice of EC, and (iii) with another hippocampal slice and with a neonatal entorhinal slice that was added to the two hippocampal slices with a delay of 5-11 days (see Fig. 2 ). In contrast to the in vivo situation, in this latter experimental design, the hippocampal target neurons encountered "commissural" fibers from the cocultured hippocampal slice before the entorhinal fibers that arrived more than 5 days later. For tracing of the projections to the hippocampal target culture, the anterogradely transported tracer biocytin was
The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. Section of adult rat fascia dentata illustrating the laminated termination of entorhinal fibers in the outer molecular layer (OML) of the fascia dentata and in stratum lacunosum-moleculare (LAC) of the hippocampus proper. The entorhinal fibers are labeled here by their anterograde degeneration (Fink-Heimer stain) 2 days after lesion of the EC. Note the lack of degeneration in the inner molecular layer (IML) where commissural/associational fibers terminate. FH, hippocampal fissure; GCL, granular layer; H, hilus of fascia dentata. (Bar = 50 , um.) used (15). In the case oftriplet cultures, we have traced either the connections from the cocultured hippocampal slice or those from the entorhinal slice. 
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FIG. 3. (A)
Photomicrograph showing the formation of "commissural" connections of the fascia dentata in vitro. Two hippocampal slices were cocultivated, and an entorhinal slice was added with a delay of 5 days. Here, "commissural" afferents to the hippocampal target culture were labeled by injection of the anterogradely transported tracer biocytin into the hippocampal coculture. The formation of a "commissural" connection is demonstrated by the presence of numerous labeled fibers in the inner molecular layer (IML) of the fascia dentata. GCL, granule cell layer of fascia dentata; OML, outer molecular layer; H, hilus. (B) Same experimental situation as in A. However, here the fibers from the entorhinal culture were labeled by anterograde transport of biocytin after injection of the tracer into the entorhinal coculture. As is normal, the entorhinal fibers have a preference for the outer molecular layer, and the "commissural" fibers have a preference for the inner molecular layer, although the normal sequence of arrival of these two fiber systems has been reversed. (Bars = 50 ,um.) Neurobiology: Frotscher and 10402 Neurobiology: Frotscher and Heimrich mounted on gelatine-coated slides, and embedded in Entellan or were embedded in Epon for electron microscopy. Thin sections were cut on a Reichert Ultracut microtome and examined in a Zeiss EM 109 electron microscope. RESULTS Cocultivation of two hippocampal slices resulted in a very similar projection as known for the commissural fibers in situ. Thus, biocytin-labeled hippocampal fibers from the other slice had a preference for the inner dendritic layers adjacent to the cell bodies of pyramidal neurons and granule cells. A few fibers also invaded the outer dendritic layers. In contrast, fibers from an entorhinal slice, cocultivated with a hippocampal slice on the same day, terminated, like in situ, in the outer dendritic layers-i.e., in stratum lacunosummoleculare of the hippocampus proper and in the outer molecular layer ofthe fascia dentata. In addition, reminiscent of the alvear path observed in situ, many EC fibers were found in the alveus of the hippocampal coculture (17).
Despite the temporal reversal of fiber ingrowth in the triplet cultures, biocytin-labeled fibers from EC retained their normal preference for the outer dendritic zones (Fig. 3B ). There they established asymmetric synapses with spines (Fig. 4) as observed in situ (18, 19) . When the fibers from the cocultured hippocampal slice were biocytin-labeled in these triplet cultures, they were found to terminate in their normal target area in and just above the cell layers (Fig. 3A) . A summary diagram of the findings in the various coculture combinations is represented in Fig. 5 terminate in the outer molecular layer (OML) of the fascia dentata. IML, inner molecular layer offascia dentata; GCL, granule cell layer of fascia dentata; H, hilus. (B) Coculture of two hippocampal slices. "Commissural" fibers in the fascia dentata of the target culture traced by biocytin injection into the hilar region of the other hippocampal culture. "Commissural" fibers preferentially terminate in the inner molecular layer (IML) of the dentate. (C) Triplet culture (entorhinal slice cocultivated to two hippocampal slices with a delay of 5 days). Entorhinal fibers to the fascia dentata ofthe target culture traced by biocytin injection into the entorhinal culture. Entorhinal fibers terminate in the outer molecular layer of the dentate, although they arrived after the "commissural" fibers from the cocultivated hippocampal slice. (D) Same experimental situation as in C. However, here commissural fibers in the fascia dentata of the target culture are labeled by biocytin injection into the cocultivated hippocampal slice. "Commissural" fibers display their normal preference for the inner molecular layer of the fascia dentata.
preference for their normal termination sites. Moreover, we have provided evidence here that this layer specificity does not result from the sequential ingrowth of these fiber systems during development. In contrast to normal development in vivo, the entorhinal fibers in the triplet cultures were confronted with their hippocampal target cells only after these had formed connections with "commissural" fibers from a cocultivated hippocampal slice. The reversed time schedule of innervation established in the present experiments did not reverse the termination zones of entorhinal and hippocampal fibers, respectively, as one would have expected according to the temporal hypothesis of fiber lamination in the hippocampus. We cannot exclude that entorhinal fibers arriving in the fascia dentata prenatally-i.e., prior to slice preparationhave left a marker that prevents the "commissural" fibers from terminating in the outer molecular layer and attracts the fibers from the entorhinal coculture. However, this assumption would further support the main conclusion of the present study that specific molecular interactions rather than temporal factors determine the layer-specific termination of hippocampal afferents. Moreover, the majority ofthe granule cells are generated postnatally (2, 3) and thus did not have a chance to contact the entorhinal afferents prior to explantation.
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Despite their layer-specific termination, these two fiber systems may compete for synaptic sites. Thus, sprouting of CA fibers has been demonstrated both in vivo following EC lesion (20) and in vitro in single-slice cultures ofhippocampus lacking entorhinal afferents (21, 22) . In line with this, electron microscopic studies of identified neurons in single slice cultures of hippocampus revealed numerous spine synapses on distal dendrites where the EC fibers would normally terminate (23). At present we do not know to what extent synapses formed by CA fibers are lost in the triplet cultures when the entorhinal fibers arrive. However, we know that the entorhinal fibers, despite their late arrival, form the same type of asymmetric spine synapse (Fig. 4) as observed in situ on distal dendrites ofthe target cells. In line with this, delayed substitution of entorhinal input by transplants of embryonic EC similarly resulted in the normotopic termination of transplant entorhinal fibers in the host fascia dentata, although host CA and septal fibers had already sprouted in response to the removal of the normal entorhinal innervation (24).
If not temporal factors, what then could cause the entorhinal fibers to terminate in the outer dendritic layers? Recent data suggest that there is no predetermined layer-specific glial scaffold that could guide the various fiber systems (25). However, evidence has been provided for specific surface molecules on entorhinal axons that are not present on CA fibers (26). This points to differences in the composition of membrane molecules in different fiber systems. So far, no similar specific membrane components have been described for the corresponding dendritic segments of the target cells. Whether interactions between the presynaptic and postsynaptic side are caused by chemoaffinity (27) or by an outside-in gradient of surface molecules present on the target cell dendrites, similar to the anterior-posterior gradient found in the chicken optic tectum (28), remains to be elucidated. The present findings may be of significance for other brain regions as well, since a layer-specific distribution of fibers is not restricted to the hippocampal formation. Lamina-specific but not modality-specific connections of neocortical afferents have recently been demonstrated (29-32).
